Summary. The effect of human IgG on human adipocytes has been investigated. Polyclonal IgG prepared from sera of normal subjects, monoclonal IgG from sera of patients with myeloma and IgG harvested from lymphocytes cultures were equally potent in stimulating lipogenesis in human adipocytes. Fc fragments prepared from IgG fractions also stimulated lipogenesis, whereas Fab fractions were inactive. Pre-incubation of IgG and Fc fragments with ?'-chain specific anti-IgG and anti-Fc antisera neutralised the stimulatory activity of both IgG and Fc fractions. The stimulatory effect of IgG on lipogenesis was demonstrated both on adipocyte suspensions and on adipose tissue. These data demonstrate that human IgG has a specific stimulatory effect on lipogenesis by human adipocytes and that this effect is mediated through the Fc moiety.
Preparation of lgG
Human IgG was prepared from sera of three normal subjects (IgG concentrations 8-12 g/l) and two patients with IgG myeloma (IgG concentrations 25 and 30 g/l), using protein A-Sepharose CL-4B columns, as described by Bywater [4] . Conditions of isolation, purification, characterisation and neutralisation of IgG from sera of normal subjects, myeloma sera and from lymphocyte cultures, were as described previously [2] . There was no detectable immunoreactive insulin in the IgG samples thus prepared.
Preparation of Fc and Fab Fragments of Human IgG
Purified IgG was subjected to papain digestion (1 : 100 w/w) in phosphate buffer (0.1 mol/1; pH 7.6) at 37~ for 24h, according to the method of Davies et al. [5] . The undigested IgG was adsorbed on a Sephadex G-100 column. The Fc and Fab fragments were separated on a protein A Sepharose CL-4B column. The Fab fragment came through in the void volume, and bound Fc was eluted with 1 mol/1 acetic acid, 0A tool/1 glycine-HC1 buffer, pH 3.0. Both Fc and Fab fragments were extensively dialysed against 0.9% saline. F(ab)2 fractions were prepared by pepsin digestion following the method described by Baldwin et al. [6] .
Neutralisation of IgG with Antisera
IgG was incubated at 4 ~ for 24 h with ?'-chain specific antiserum (Dako Immunoglobulins, Denmark) in the following ratios of IgG to antiserum (rag/l): 10:1; 5:1; 2:1; 1:0 and 1:3. Fc and Fab fractions were incubated at 4 ~ for 24-h with their appropriate antisera (Hoechst, Hounslow, UK), in the ratio 1 : 3. IgG and Fc fractions were also incubated at 4 ~ for 24 h with anti-Fc and anti-Fab antiserum in the ratio 1 : 3 (mg/1). 
Bioassay
The human adipocytes were prepared by a method modified from Pedersen et al. [7] . Human adipocytes were obtained from adipose tissue of patients undergoing laparotomy. All patients sampled were in the age range 20-50 years, were not diabetic, and were not on any longterm drug therapy. The tissue specimen (approximately 2 g) was excised at the beginning of the operation and placed in Hepes buffer (pH 7.4), containing glucose (0.55 mmol/1) and was brought to the laboratory in a vacuum flask within 15 rain of excision. It was immediately washed several times in Hepes buffer and cut into small pieces. The fragments were digested, with collagenase (0.5 g/l) in Hepes buffer containing human albumin (25g/1) and glucose (0.55mmol/l) for 1 h in a shaking water bath (120cycles/min) at 37 ~ The cells were filtered through a nylon mesh and the infranatant was removed. The cells were washed a further four times by flotation; the infranatant was removed and discarded on each occasion. After the final rinse, the adipocytes were removed in Hepes buffer containing human albumin (50 g/l) and glucose (0.55 mmol/1). Aliquots of cells (0.5 ml; 4 x 10 7 cells/l) were transferred into scintillation vials. Test substances were assayed at three concentrations. For each assay, a set of six vials was used. 'Basal controls' consisted of a set of six vials with no test substance added. 'Non-specific background' counts were obtained from another set of six vials, where toluene scintillant was added before incubation. Vials containing test substances, 'basal controls' and 'non-specific background counts' were incubated at 37 ~ for 2 h. The reaction was then stopped by the addition of toluene scintillant, which lysed the adipocytes and extracted the lipid-incorporated radioactivity into the toluene phase. Thus incorporated radioactivity was measured in a r-scintillation spectrometer [8, 9] . Antisera used in the experiments were also assayed in view of their high lgG content.
Tissue Experiments
Human subcutaneous fat obtained as above was chopped into small pieces and incubated in Hepes buffer (100 mg adipose tissue/ml) containing human albumin (50 g/l) and glucose (0.55 retool/l). [U-14C]-Dglucose (0.02 lxCi) in Hepes buffer (0.01 ml) was added, and the mixture was incubated at 37 ~ for 2 h. Incubation was stopped by the addition of toluene scintillant and homogenisation of the adipose tissue. An aliquot (200 l.tl) from each homogenate was added to another vial and toluene scintillant added (final volume 10 ml). The radioactivity was measured in a/3-scintillation spectrometer.
Calculations
The mean of six non-specific background counts was subtracted from the mean counts of test and basal incubates. Percentage stimulation (S) by any test substance was calculated as follows:
test -basal • 100 S= basal All results are expressed as percentage enhancement over basal. All statistical comparisons were carried out by the Student's paired ttest.
Results
The stimulation of adipoeyte lipogenesis by insulin was dose dependent over the range 50-100mU/l (Fig.l) . Lower concentrations of insulin produced accelerated lipogenesis, but the increase was not consistently statistically significant.
The five samples (three from control subjects; two from myeloma patients) of human IgG prepared by protein A-sepharose chromatography caused a dose dependent (IgG concentration) stimulation of lipogenesis by human adipocytes (Fig. 2) . IgG prepared by ammonium sulphate precipitation or DEAE cellulose chromatography [4] were stimulatory, but were less potent than the highly purified IgG prepared by protein Asepharose chromatography (Table 1) . The difference in potency could be attributed to the presence of inhibitory impurities since further purification over protein Asepharose enhanced the stimulatory potency of IgG prepared by the other methods. Table 2 shows that IgG prepared from supernatants of human lymphocyte cultures was consistently stimulatory to adipocytes, with a potency similar to that of IgG prepared from sera. The stimulatory effect of this IgG was neutralised by ),-chain specific anti-IgG anti- insulin, and 256% above basal by 400 rag/1 of human IgG. Whereas commercially obtained ?'-globulin was markedly stimulatory in a dose-dependent fashion, c~ and /3 globulins had minimal stimulatory activity, presumably due to ?'-globulin impurities, since chromatography through protein A-sepharose columns eliminated the minimal stimulatory effect of these globulins. Therefore commercial IgG was the most stimulatory of the commercial proteins tested.
Fc fractions of IgG caused a stimulation of lipogenesis of a magnitude similar to that observed with whole IgG preparations. Fab fractions, in contrast, produced minimal or no stimulation (Fig. 3) . The stimulation produced by Fab fractions was similar in magnitude to that produced by commercial c~ and/3 globulins, and disappeared following rechromatography over protein Asepharose columns. F(ab)2 fractions likewise exerted no stimulatory effect on the adipocyte lipogenesis.
IgG-induced stimulation of adipocyte lipogenesis was neutralised by ?'-chain specific antisera. Figure 4 shows that the degree of neutralisation of IgG stimulatory activity was proportional to the dose of antiserum added. The stimulatory activity of all IgG samples irrespective of their mode of preparation including that ob- tained from lymphocyte cultures, was neutralised by these antisera. Each antiserum had an intrinsic stimulatory effect (presumably due to a high IgG content) which was assayed every time a neutralisation experiment was carried out. Pre-incubation of IgG and Fc fractions with anti-IgG antiserum or anti-Fc antiserum neutralised their stimulatory activity. Pre-incubation of IgG and Fc fractions with anti-Fab antiserum did not produce any significant alteration in the stimulatory activity of these fractions. Concomitent incubation with insulin and IgG resulted in additive effects, provided submaximal concentrations of insulin (50 mU/1) and IgG (50-100 mg/1) were used.
Discussion
We were able to obtain consistent dose-response curves at concentrations of insulin between 50-100 mU/1. Only on rare occasions were we able to observe statistically significant stimulation of lipogensis by human adipocytes at 25 mU/1. Previous reports have claimed stimulation over the range 3-6 mU/1, but some of these data have not been supported by rigorous statistical analysis. Our observations are based on assays carried out in sextuplicate, and hence they are amenable to statistical analysis.
Our observations on insulin stimulated lipogenesis differ from the previously published data in another respect: the maximal responsiveness of this system is markedly greater than that reported by other workers in this field. No clear explanation is available to account for this discrepancy. However, it may be relevant that the unstimulated basal incorporation of [U~4C]-D-glucose into lipid by adipocytes in our experiments was lower than that reported by others [7] and that our incubations were carried out for 2 h rather than 90 min, as in the study by Pedersen et al. [7] . Both of these factors would contribute to a greater stimulation of lipogenesis. Our comparatively low basal counts are to some extent the result of the collagenase preparation used. Pedersen et al. [7] used a collagenase preparation obtained from Sigma, which in our hands leads to high basal counts and a diminution in the magnitude of maximal stimulation by insulin.
The mechanism of action of IgG needs further investigation. However, monoclonal IgG from myeloma patients and polyclonal IgG from normal subjects had a similar potency. This observation suggested that the non-variable portion of the IgG molecule, the Fc, was responsible for this effect and this was indeed confirmed by our subsequent experiments demonstrating that: (1) Fc fractions had stimulatory potency similar to those of the parent IgG; (2) anti-Fc sera neutralised the stimulatory effect of both IgG and Fc fractions; and (3) Fab and F(ab)2 fractions exerted no effect on adipocyte lipogenesis. Our data thus point to the presence of Fc receptors on adipocyte membranes.
Our work also raises some questions regarding the interpretation of previously published data demonstrating the inhibitory effect of insulin receptor antibodies on insulin binding to adipocytes [10, 11] , while at the same time stimulating adipocyte metabolism in vitro [12] . Any IgG preparation from a patient with an autoimmune disease is not likely to contain more than 1% of the insulin receptor specific antibody; it is hence likely that 99% of IgG in any insulin receptor antibody preparation is non-specific IgG. If this is so, the paradoxical stimulatory effect of insulin receptor antibody may be attributed, at least in part, to non-specific IgG, particularly since patients with insulin receptor antibodies may have marked elevations of serum IgG concentrations [141. However, the insulinomimetic action of insulin receptor antibodies is probably more specific than that of IgG reported in this study since the action of the former has been shown to be mediated through the Fab moiety of the IgG molecule [13] which binds to the insulin receptor. Furthermore, IgG preparations from patients with insulin receptor antibodies lose their Fab mediated stimulatory ability when such patients are in remission [14, 15] . By contrast, our observations on normal and monoclonal human IgG show that their stimulatory effect is mediated through the Fc moiety. Fab and F(ab)2 fractions prepared by us did not exert a significant effect on adipocyte lipogenesis.
The biological significance of the stimulatory effect of human IgG on human adipocytes is unclear. However, the fact that multiple myeloma may be associated with severe lipid abnormalities [16, 17] , and that diabetes may occur in association with hypogammaglobulinaemia [18] , suggests that the insulin-like stimulatory effect of IgG may be of relevance to the underlying mechanisms. Finally, the extremely low concentrations at which this effect of human IgG has been observed in our experiments would suggest that it may be of relevance in vivo, bearing in mind two points: (1) that collagenase treated and untreated adipose tissue responds to IgG at concentrations less than 1% of those found in the plasma and (2) that whole serum/plasma is not markedly stimulatory in the fat cell system [2] . This paradox would indicate that there probably exists a concomitant inhibitor in the serum/plasma in vivo that neutralizes the stimulatory effect of IgG in vivo. Our initial experiments confirm this (unpublished data).
In terms of pathophysiology, our observations suggest that selective deposition of IgG at inflammatory sites may be the setting where the metabolic effects of IgG become relevant. It is possible that cells other than adipocytes, especially those involved in inflammatory responses, are stimulated by IgG: for example, IgG may stimulate phagocytes and other inflammatory cells into greater metabolic activity. This area requires further investigation.
